Haematology values are presented for the vervet monkey (Cercopithecus aethiops), and the relative effects of high dose ketamine anaesthesia, stress of capture and repeated bleedings assessed. Anaesthesia resulted in decreased WBC and RBC values, attributed to depression of cardiovascular function. These effects were the reverse of those of alarm and strenuous exercise (leukocytosis and polycythaemia) during capture. Stress resulted in relatively high white and low red blood cell counts. Opposing effects of stress and anaesthesia led to comparable haematological values for trained, non-anaesthetized vervets and stressed, anaesthetized vervets. Effects of repeated bleedings were opposite in anaesthetized and non-anaesthetized animals. These effects, however, along with those of ketamine anaesthesia and stress, were relatively insignificant compared with the wide variation in haematological values found among individuals. The biological importance of these effects thus appeared to be slight. The concept of 'normal values' is discussed.
Effects of ketamine anaesthesia, stress and repeated bleeding on the haematology of vervet monkeys HOLLY s. WALL*, CAROL WORTHMAN & J. G. ELSE Institute of Primate Research, National Museums of Kenya, PO Box 34505, Nairobi, Kenya Summary Haematology values are presented for the vervet monkey (Cercopithecus aethiops), and the relative effects of high dose ketamine anaesthesia, stress of capture and repeated bleedings assessed. Anaesthesia resulted in decreased WBC and RBC values, attributed to depression of cardiovascular function. These effects were the reverse of those of alarm and strenuous exercise (leukocytosis and polycythaemia) during capture. Stress resulted in relatively high white and low red blood cell counts. Opposing effects of stress and anaesthesia led to comparable haematological values for trained, non-anaesthetized vervets and stressed, anaesthetized vervets. Effects of repeated bleedings were opposite in anaesthetized and non-anaesthetized animals. These effects, however, along with those of ketamine anaesthesia and stress, were relatively insignificant compared with the wide variation in haematological values found among individuals. The biological importance of these effects thus appeared to be slight. The concept of 'normal values' is discussed.
Ketamine hydrochloride anaesthesia is used routinely at the Institute of Primate Research (IPR) for various treatments and procedures. Its effectiveness and safety as an anaesthetic agent for non-human primates has been reported (Bree, Feller & Corssen, 1967; Bree, 1967) . Although haematology values for monkeys given repeated doses have been reported as remaining within the normal range (McCarthy, Chen, Kaump & Ensor, 1965) , significant changes in haematological findings have been noted in rhesus monkeys (Loomis, Henrickson & Anderson, 1980) . Any such effects on the blood picture must be taken into account when assessing 'normal values' and when interpreting clinical and experimental data. This report presents a comparison of haematological data between ketamineanaesthetized and non-anaesthetized vervet monkeys (c. aethiops). Effects of repeated bleedings in the 2 groups is also investigated. Clinicians and 'Present address: PO Box 7733, Incline Village, Nevada 89450, USA.
Received 1 November 1982 . Accepted 12 November 1984 researchers are sometimes reluctant to rely on haematology findings in samples from captured animals, on the grounds that stress and exercise may cause changes which obviate clinical interpretation. A third group is thus presented to show the combined effects of stress of capture and ketamine anaesthesia upon the blood picture. Because published haematological findings for this species are few, this study will enhance the body of reference values for the vervet monkey.
Materials and methods

Animals
The study was designed to coincide with other research protocols, resulting in variation in sampling schedules and number of animals in the 3 groups. 12 adult, non-pregnant females (group 1) were anaesthetized with ketamine hydrochloride (Vetalar: Parke Davis & Co., Pontypool, Gwent, UK) (10 mg/kg i.m.) twice weekly for 2 weeks after overnight fasting. Within 15 min of injection, 1 ml of blood was withdrawn from the femoral vein and placed in a tube containing dipotassium EDT A (2·5 mg/!!I). The blood was delivered to the laboratory within 15 min and processed within 1 h of arrival. For comparison, 10 adult, non-pregnant females (group 2), trained to present a limb for unstressed sampling, were bled weekly for 6 weeks without anaesthesia. The samples were processed in the same manner as for group 1. Both groups were housed in individual indoor cages and were accustomed to daily handling. Diet consisted of commercial primate cubes supplemented with Vitamin C powder and fresh vegetables or fruit, as available. Water was provided ad libitum.
32 adult females (group 3) housed in a group outdoor cage were sampled once after ketamine anaesthesia. Unlike groups I and 2, these animals were not used to being handled and were caught with nets before sampling. Samples were again taken within 15 min of anaesthesia and processed in the above-mentioned manner. Diet was the same as for groups 1 and 2.
Laboratory methods
Red blood cells (RBC) and white blood cells (WBC) were determined by an electronic cell counter (Coulter Counter Dn: Coulter Electronics Ltd, Harpendon, Hertfordshire, UK), and haemoglobin (Hb) with a haemoglobinometer (I-Iaemoglobinometer: Coulter Electronics Ltd) using the cyanmethaemoglobin method. Quality control was performed using commercial controls (4C Coulter Counter Cell Control, Coulter Electronics Ltd). Haematocrit (PCV) was calculated with a microhaematocrit reader (Hawksley Reader, Hawksley & Sons Ltd, Lancing, Sussex, UK) . Total protein and fibrinogen were read from a refractometer (Atago SPR-N, Atago-Co. Ltd, Tokyo, Japan) using the 56°h eat precipitation method for fibrinogen (Schalm, Jain & Carrol, 1975) . Mean corpuscular volume (MCV), mean corpuscular haemoglobin concentration (MCHC) and mean corpuscular haemoglobin (MCH) were calculated from RBC, Hb, and PCV values. Blood films were made using the coverslip method and stained with Wright's. WBC differentials were performed by counting 200 WBCs. Hb, total protein, and fibrinogen values were determined in commonly used units, and also reported in SI units.
Statistical analysis
2-way analysis of variance was used to study the effects of repeated blood sampling and individual differences among animals in group 1. The analysis of variance was also used to study the effects of repeated sampling in group 2 animals, though data from the 6th bleeding was omitted as some individuals were only bled 5 times. Data on eosinophils and basophils were not included in either analysis, due to the sporadic occurrence of these 2 cell types.
Initially in comparing the 3 groups, the average of all consecutive bleedings was taken for each individual of groups 1 and 2. This presents some problems in interpretation, as there were statistically detectible effects due to the repeated bleeding, resulting in the blood parameters of each individual in these groups being estimated with greater precision than in group 3. Accordingly, the analysis was also carried out using only the data from the 1st bleeding in these 2 groups.
As the aim of the experiment was to study the over-all pattern of response to the three different bleeding treatments, a principal components analysis (Hinton, Jones & Festing, 1982) was also used both to study the pattern of variation separately in groups 1 and 2, and also in comparing the 3 groups. Such an analysis attempts to extract components such as 'anaemia' or 'leukocytosis' or some other factor which depends on a composite pattern of change in blood parameters. Individual animals may then be characterized by these components, and the 139 results may be displayed graphically. The advantage of the technique is that in many cases, it can reduce the dimensionality of the data so that a large proportion of the total variation may be accounted for by a few of the named components.
Results Table 1 shows the mean for each bleeding of the 5 characters in which there were statistically significant (P < 0·05) differences between bleedings in either group 1 or group 2, or both. In group 1, the Hb and rcv levels were higher and the total protein was lower in the first than in subsequent bleedings.
In contrast, in group 2 the rcv was lower and the total protein was higher in the first than in subsequent bleedings. In group 2 the monocytes also increased, though in group 1 they remained the same. Thus, the response of the 2 groups to repeated bleeding differed significantly.
In both groups, the principal components analysis yielded 2 components which together accounted for more than 50% of the total variation. A component 'red vs white cells' accounted for 53·3% of the variation in group 1 and 25% of the variation in group 2. This had negative correlations with the RBC, Hb and PCV values, and positive correlations with the other 6 blood parameters analysed. Thus, a high score represents low red cell values, and high white cells, total protein and fibrinogen. A second component 'blood cellularity' accounted for 15% of the variation in the first group and 30% in the second. This had positive correlations with all blood parameters except total protein. Thus, animals with a high score had high cell counts and low total protein.
The scores for these 2 components for each bleedings are also shown in Table 1 . These also show clearly that the 2 groups responded entirely differently to repeated bleeding. In group 1 (with ketamine anaesthesia) the red cells decreased and the white cells increased from the first to the last bleeding, whereas in group 2 the opposite occurred, apart from the last bleeding. A similar picture emerged with respect to blood cellularity. In group 1 it decreased with repeated bleedings, whereas in group 2 it increased.
2-way analysis of variance of these 2 components was used in order to quantify the relative importance of differences among individuals, bleeding times and experimental error. For all characters, there were large and highly significant differences among individual monkeys in both groups 1 and 2. Variance components analysis was used to measure the relative importance of these 3 factors. The results are shown in Table 2. In the case of the 'red vs white cell' component, although statistically interaction between bleeding and individual differences). In comparing the 3 groups based on the mean taken across all bleedings in groups 1 and 2, the analysis of variance showed small but statistically significant differences among groups for haemoglobin, WBC, neutrophils, lymphocytes, monocytes, total protein and fibrinogen. The means are shown in Table 3 . The principal components analysis again resulted in a 'red vs white cell' factor accounting for 31%, and a 'blood cellularity' factor accounting for 27% of the total variation. Differences among the groups were highly significant (P < 0·01) for the first principal component, and were significant at the 5% level for the second. Fig. 1 shows graphically individuals of each of the 3 groups in relation to the first and second principal components. The circles represent 2 standard deviations from the mean (averaging the standard deviations for group 1 and group 2), and thus would be expected to contain approximately 95% of all individuals. On the first PC, groups 1 and 2 (both unstressed apart from any stress resulting from repeated bleeding but differing in that group 1 was anaesthetized) do not differ, but group 3 (stressed but anaesthetized) differs from both of them. On the second PC groups 1 and 3 do not differ, but group 2 differs significantly from both of them. Note that ketamine reduced blood cellularity (i.e. both red and white blood cell counts), and stress (group 3) resulted in relatively high white and low red blood cell counts. Note also that the differences among groups appear to be relatively sJTIallin comparison with individual variation within each group.
Finally, the data were re-analysed using only the data from the first bleeding in groups 1 and 2. The results were slightly different in this case in that the first principal component, accounting for 33% of the total variation, was interpretable as a 'white cell response', uncorrelated with the red blood cell values, but correlated with all the white cell parameters, total protein and fibrinogen. Group 1 had a significantly lower white cell score than the other 2 groups, which did not differ from each other. The second principal component was interpretable as a 'red cell response', but it only accounted for 17% of the variation and did not differ significantly among groups.
Discussion
The haematological reaction to stress, termed the 'alarm reaction', characterized haematologically by leukocytosis and haemoconcentration, has been shown to be attenuated in rhesus monkeys habituated to sampling procedures (Ives & Dack, 1956) . It has been postulated that ketamine may also act to 141 reverse the 'alarm reaction' by attenuation of the initial stress response subsequent to central dissociation (Loomis, Henrickson & Anderson, 1980) . Although ketamine has unusual pressor effects (increased blood pressure, respiratory rate and heart rate) at lower dose levels (2-5 mg/kg) (Sawyer, 1973) , higher dosages (10--20 mg/kg) are attended by depressor effects more similar to those induced"by other anaesthetic agents (Bush, Custer, Smeller & Bush, 1973; Ochsner, 1977; Parker & Adams, 1978; Traber, Wilson & Priano, 1970) . With the higher dose level used here (10 mg/kg), decreased cellularity observed in the unstressed anaesthetised group may reflect a depression of cardiovascular function, in which neutrophils and lymphocytes marginate, are sequestered in inactive capillary beds or shift to lymphatic sites (Miale, 1977) . Likewise, the decrease in PCV in both anaesthetized groups may be due to sequestration of erythrocytes in capillary beds. A similar decrease in PCV during anaesthesia has been noted in rhesus monkeys (Loomis, Henrickson & Anderson, 1980) as well as in other species under other types of anaesthesia (Kocan et al., 1981) . The 'white cell response' noted in group 1 but not in group 3 suggests that the added component of stress serves to counteract the lowering of white cell counts in anaesthetized vervets.
The increase in numbers of monocytes in group 3 may be attributable to steroid release provoked by stress. Such an effect has been reported in dogs injected with ACTH (Schalm, Jain & Carrol, 1975) . In that study, eosinopaenia was also observed, but was not marked ,until 4 h after ACTH injection, whereas mild monocytes was noted in the first (2 h) postinjection sample. This clarifies the absence of eosinopaenia in group 3, which was sampled shortly after capture and anaesthesia.
While depressed cardiovascular function induced by high dose ketamine anaesthesia may explain the low WBC and PCV values of group 1, it is inconsistent with the elevation of serum protein values in this group. Haemodilution, rather than haemoconcentration, would be expected in this case. The differences in group means are not great (7·9,7·5 and 7·1 g/dl in groups 1, 2 and 3), and their import is unclear. Fibrinogen levels also varied among groups, but as differences among group means were lower than machine precision levels, it is doubtful if they are meaningful.
Experimental protocols often call for repeated bleeding of laboratory animals; a haematological response to such repetition could affect interpretation of both research and clinical data. The apparently opposite responses exhibited by groups 1 and 2 suggest that repeated bleeding with ketamine anaesthesia is initially not stressful but becomes so, 
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whereas repeated bleeding in tame animals without anaesthesia is initially stressful, but becomes less so with each bleeding. While the various effects of stress, ketamine anaesthesia, and repeated bleedings may appear to make interpretation of haematology values difficult, results of this study show that such effects are relatively insignificant when compared with the wide range of values found among individuals in all three groups. Such wide individual variation has been reported for other non-human primate species (Schalm, Jain & Carrol, 1975) . Thus, the biological significance of these haematological responses appears to be slight, though it would also depend on the purpose for which the data are being collected.
The concept of 'normal' comes into question. It would be difficult to ascertain which of the 3 groups studied here or which of the bleedings could be considered most 'normal'. Combining the great variation seen among individuals with this problem in defining normality, it becomes apparent that published reference values, while useful to a degree, should be viewed with a certain restraint. Ideally, individual baseline values should be established for both clinical and research use.
